Methods Two microSelectron (Elekta AB, Sweden) afterloaders (AL1, AL2) were employed to perform all measurements with 192Ir. At the time of source exchange the position calibration was verified with Gafchromic film, and only corrected if the difference exceeded 1.5mm. A special PMMA jig consisting of a base plate and a central insert was constructed by our mechanical workshop to mount on the OD1000 array, figure 2, to a tolerance of 0.2mm. The OD1000 is used in conjunction with an inclinometer to enable time resolved dose measurements (100ms or 200ms) to be performed along the entire source path (R26: 30 positions; R30: 34 positions; R34: 39 positions): a single QA plan for each ring diameter was created (5.0s per dwell position, associated source strength 42000U). The resulting measurement data (.xcc format) was converted to a csv file and subsequently analysed using an in-house MATLAB script (version 8.4.0, The Mathworks NA). The MATLAB script determines dwell position "frames" from which the respective centroid location of the source (array coordinates) was interpolated linearly. The array coordinates were then mapped to a location within the respective ring. Three measurements were performed for both (blue and green) clinically commissioned ring sets. All measurements were repeated for a number of source exchanges, viz. new set up and afterloader location relative to OD1000. A non-linear least squares fit was made [9] to the source path.
Introduction/Objectives
Commissioning new or replacement brachytherapy applicators can be very time consuming. Traditionally film has been used due to its unprecedented spatial resolution. Awunor et al. [1] performed a comprehensive analysis of source paths for the interstitial ring-tube applicator using Gafchromic film. Awunor et al. [2] described a multicentric audit of ring applicators for four afterloader types. Humer et al. [3] described a method in using a CCD camera mounted beneath a transparent plate affixed to the respective opened applicator. Recently efforts have been made to perform array based QA [4] [5] [6] [7] . A commercially available high resolution SRS1000 (PTW-Freiburg, Germany) ionization chamber array, OD1000 [8] has been employed to determining one source dwell position per measurement using the OD1000 [6] analogous to film measurements. In this work we employ a single time resolved dose measurement with the OD1000 to determine the entire source path for each interstitial ring applicator, see figure 1 , (Elekta AB, Sweden), available in three diameters (R26: 26mm; R30: 30mm; R34: 34mm), within a single measurement.
Results
Mechanical (type B) uncertainties relating to the position of the PMMA jig relative to OD1000 array were estimated to be 0.2mm. Repeated measurements with different afterloaders (without dismantling set-up) and different rings are plotted in figure 4. Standard deviations of 0.6mm (R26: range -1.3 to + 1.5mm), 0.5mm (R30: range -1.4 to +1.4mm) and 0.3mm (R34: range -1.0 to +1.2mm) were determined between AL1 and AL2. The non-linear least squares fit resulted in source path diameters of (26.5 ± 0.2)mm and (29.8 ± 0.2)mm, (32.9 ± 0.2)mm and averaged geometric centre location of (0.03,0.04)mm, (0.01,0.09)mm and (-0.12,0.07)mm respectively. The standard deviation was found to be 0.06mm for R26, 0.16mm for R30 and 0.08mm R34 ring. Conclusions Our measurement technique is relatively simple and non-destructive. Initial results indicate that the novel measurement technique is robust and reproducible:a maximum deviation of 0.6mm (R26), 0.5mm (R30) and 0.3mm (R34). The OD1000 array is a versatile high resolution measurement tool, which can be used to complement existing brachytherapy QA checks. Its applicability for source path determination within brachytherapy applicators has been demostrated. Figure 4 clearly shows that the measured source path is not circular, especially R34 where the source seems be deflected by the lumen at around 225°,315° and 45°. Thus, we suggest that each institution determines the source path for each ring and compare this with the library source path of their treatment planning system (if used). Other central inserts can be devised for other applicators, and indeed other afterloader systems. This technique can be used to perform medium to long term measurements of source path position within an applicator. Although the technique is versatile it requires an high resolution 2D array and specialized measurement jig. Moreover, our technique is generally applicable to 3D measurements, but is currently limited to 2D source path determination viz. in the measurement plane, parallel to the ring plane. In the future we will extend this technique to the third dimension, perpendicular to the ring plane. 
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